Background The aim of our study was twofold. The first was to investigate the optimum position of the elbow while measuring grip endurance. The second was to investigate the optimum position of the elbow while measuring peak grip strength. The American Society of Hand Therapists advocate estimation of grip strength with the elbow flexed at 90°with the subject in the sitting position . As far as we are aware, there have been no reports in English literature regarding studies done to evaluate the position of the elbow while measuring grip endurance. Materials and methods A total of 45 healthy adults (16 males, 29 females) participated in this study. A computerised handgrip analyser was used to measure the peak strength in the non-dominant hand, followed by measurement of the grip endurance. These measurements were conducted in 90°of flexion and full extension of the elbow for each participant. Results Mean endurance in flexion was 71.0 N (SD 22.9) and in extension was 68.7 N (SD 27.4). Mean peak grip strength in flexion was 262.8 N (SD 73.1) and in extension was 264.1 N (SD 82.0). T test analysis showed no statistical significance for elbow positions for grip endurance (P = 0.67) and peak gip strength (P = 0.93).
Introduction
Grip strength is one of the many components tested while evaluating hand function. It also provides an objective index of the functional integrity of the upper extremity [1, 2] . Measurement of grip strength is also an important component of hand rehabilitation as it is a measure of the effectiveness of therapy [3] . Estimation of hand grip strength has also been used as a bedside tool to predict the development of postoperative complications in fracture neck of femur [4] . It has also been used for the same effect in vascular surgery [5] . The American Society of Hand Therapists advocate estimation of grip strength with the elbow flexed at 90°with the subject in the sitting position [6] . As far as we are aware, there have been no reports in English literature regarding studies done to evaluate the position of the elbow while measuring grip endurance. The aim of our study was twofold. The first was to investigate the optimum position of the elbow while measuring grip endurance. The second was to investigate the optimum position of the elbow while measuring peak grip strength.
Materials and methods
The study was done in 2004, approved by the University department of Orthopaedics, Leicester and it was decided that formal ethical committee approval was not required as it was a non-invasive study and the subjects in the study were not patients. There were no patients in this study and all colleagues who participated gave informed consent for the study. Our sample consisted of 45 healthy adult volunteers (16 males, 29 females) comprising of nurses, paramedical staff and doctors from the Trauma and Orthopaedic department at Leicester Royal Infirmary, Leicester, United Kingdom. None of the volunteers had any abnormalities or any painful conditions of the upper limb. The mean age of the participants was 29 (range 19-58).
Instruments
The measurement was done with a digital grip analyser (MIE medical research limited, Leeds, United Kingdom) made from a special lightweight but stiff aerospace alloy which was adjustable to accommodate all hand sizes. This is connected to a digital display unit which was connected to a multianalyser PC for detailed analysis and real time biofeedback. The analysis was done with the WIN CAS software (Copyright Ó 2002 MIE Medical Research Ltd.).The accuracy of the system is 1 N throughout the whole physiological range.
Procedure
Informed consent was obtained and at first, the examiner explained to the subjects regarding the procedure followed by a demonstration. The non-dominant hand of the subjects was chosen. All the measurements were taken in the standing position. Initially the peak grip strength was measured with the elbow in the chosen alternating position (90°of flexion or full extension) (i.e. according to the initial position of testing in the previous subject). If the initial position in the previous subject was in flexion, then the initial position in the next subject was chosen as extension. This value was recorded in the multianalyser and the ability of the subject to sustain a grip contraction at 80% of the peak value was assessed (target time of 15 s) with real time biofeedback from the computer screen. The results were analysed by WINCAS software (Copyright 
Results
The results were analysed using Microsoft Excel Ò (Microsoft Corporation, USA). The mean grip endurance with the elbow in 90°flexion was 71. Newtons (SD 22.9) and the mean grip endurance with the elbow in full extension was 68.7 N (SD 27.4). A 2 tailed 't' test was done showing a p value of 0.67. The mean grip strength with the elbow in 90°fl exion was 262.8 N (SD 73.1). The mean grip strength with the elbow in full extension was 264.2 N (SD 82.0). A two tailed 't' test was performed showing a P value of 0.93 (Table 1) .
Discussion
Although previous studies have looked at the relationship between maximum grip strength and grip endurance [7] , there are no reports in English literature looking at the effects of elbow position on grip endurance. Our study shows that there is no statistically significant difference between different positions of the elbow (90°flexion and full extension) for peak grip endurance values.
Studies by various authors have provided conflicting evidence regarding the optimum position of the elbow while assessing grip strength. Kuzala et al. [8] in a study of 46 subjects concluded that the strongest grip strength was at 0°of flexion. Su et al. [9] in a study of 160 subjects, reported similar findings. But their study also looked at the position of the shoulder and their highest measurement was obtained with the shoulder in 180°of flexion. The above mentioned studies contradict the results of Mathiowetz et al. [10] who found that stronger grip strength measurements were obtained with the elbow in 90°flexion. Higher grip strength in extension of the elbow was also reported by Balogun et al. [11] in a study involving 61 subjects. They also found that a greater strength was obtained when the subjects were standing compared to the sitting position. This was attributed to the increased temporal and spatial summation of the contracting muscles in the standing position apart from increased cortical and peripheral arousing. In order to obtain maximal values, all our subjects were tested in the standing position with the shoulder and forearm in neutral positions. The wrist was positioned in extension depending upon the comfort of the patient but flexion at the wrist was avoided as a previous study has shown that there was no significant difference in the relationship between the amount of dorsiflexion and hand grip strength whereas flexion of the wrist was found to give lower hand grip strength [12] . The results of our study revealed that there was no statistically significant difference in the peak grip endurance and peak grip strength values with the elbow in full extension or in 90°flexion.
Our study has particular relevance to injuries to the elbow where the patient needs to be immobilised in an above elbow plaster or in combined injuries of the elbow and hand where hand rehabilitation can be started early and full grip strength potential can be expected irrespective on the position of the elbow. It is also relevant in patients with multiple joint arthritis (e.g. Rheumatoid arthritis) with fixed deformities of the elbow where grip strength and endurance rehabilitation can be achieved irrespective of the elbow position. A decrease in grip strength with the elbow in extension than in flexion may also indicate lateral epicondylitis as this has been reported before [13] .The practical implications of this study can also be utilised in racquet sports where grip endurance training may be achieved with the elbow fully extended or in 90°flexion.
